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RETICLE iJPTIOn LAYER DETECTIOM METHOD 

3 AC :\ G Fv V J D E THE I N V E N i ^ C ' ^ j 

;i) Eield jf the Ir^ver^tion 

The invent! relates tD reticle options in a 
semi ::c>nduct jr devi::e, an^l m^i^re particularly, tc a method of 
dete::ting reti::le jpticn layers in an inteorated circuit 
device . 

(2) C'es :.:rii:4:i-:>n 3f" the Pric-r Art 

During the early stages of produst development, it is 
important Lo get test data h-ased -on actual silicon as soon 
as p'ossit'le. ijne way tO' exp-E^dite this data availability on 
a new pr-i^duct is r.: induce several chip Layer versiC'ns on 
the samic reticle. So, dec'cnding cn one numo^er of chip 
P'attern rlacem.ents wlchm the reticle, there can be up t't 
tnat number of layer versions on the reticle. Tne mirst 
piomising of the layer versions, based on test results, 
could then be selected and implemented as a single versic^n 
Cy ^ h e o r o d u c " o n ^ e o e 1 e 
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To facilitate testing and evaluati:n of the integrated 
circuit, a means cf easily identify layer versions is 
needed. Ideally, such versicns shjuld r: e identified 
electrically either c^y directly probing the die cr by 
r^rcbing individual pins oi parkage^d cirruit. The c^nly 
kncwn priicr art ac^prc^ach t;:> C'^ovide electrical 
identification of a layer version cs thrc>ugh the use C'f 
existing redandr.n:y cr chif' ident i f i cat ic'n fuses that are 
either conneoted or dcscc i:necte d based ::n a metal layer 
version. Howev-r-r, this ap>C'rc:acn is limited in terms cf the 
layers that can oe used as reticle versic-ns. 

Several pricr art ap'f:o:oa ■:hes relate tc reticle layers, 
:.dentif icat ion, and related methcds. d . S . Patent 5, 940,704 
to Takeu'.:hi dis^.: loses a method 'if makino a reference 
ap^'Uratus f-cr determining current -^r voltage in nonvolatile 
memv.)ry oells. The referen::e apparatus comprises cells with 
different thresnc-id \Mita:res due t: differences in the 
f floating gate t j control ^gate ocojpling ratios. Tne current 
m the n jnvc'la 1 1 le cell is C'Cmpare'd to t:nat in the 
2^eferenoe cells using a sense amfd:.fier. U.S. Patent 
5),t.:7,S6:^ to Re<ddy et. al teaches a method to f^^rm 
pjlysiiior)n laser fusible links in an integrated circuit 
device. U.S. Patent 4,t59^8':/l to UikKel illustrates a 
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nultilevel reticle having multiple mask.s jf integrated 
circuit patterns. U.S. Patent 5, 907,492 t Akram et al 
t.ea::he3 a method for use in an integrated cir::uit 
nianuf a ::t ar ing process. Dat:a from rep^air r^rr^cedures 
conducted at wafer pr^jbe is used to aeteririine whether 
further repairs will r^e performed. This method uses a laser 
fuse identification zz^ie t :> track rep^air p-r :-::e iu res 
P'e r f :)rmLed . 




SUMMARY i'F THS INVEMTION 

A principal ohgect ■:: f tne present invention is to 
p-r^ovide an effective metnod o-f 'detecting tne presenae of a 
r'e:.icle 'jp'ti'in layer in an integrated circuit device. 

A further C'bjeat of tne present i.nventic-n is to 
p-rt't^ide a methoa -jf detecting reticle option layers in an 
integrated circuit device by electrocally meast^ring the 
P'Orfirmance cf twc; !^0S transistcsrs wnere the el^z'Ctrical 
P'er f trmance c^f cne transistor is affected by the presence 
of the reticle cption while the cither transistc^r is a 
standard^ or control device. 
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A yet further object of the present invention is to 
provide a methcd of detecting reticle -optijn layers where 



.3 a tnresnjx':i imc'iantaoi i^n . 



An^cther farther -jhject -jf the present inven"ri:n is t 
fi'rjvide a meth:>d : f dete:.;tin;^ reticle ':.pti:.n layers by 
airectly prc-bing the integrated circuit die. 

Ancther furtner chgect s-f tne present inventi-r-n is tc 
pr^:vide a reticle detection method for use with either NMC'S 
c-r PM03 transis tcirs . 

Another further t'Oject s-f the present inv€^ntic-n is ts 
p-r'-:'Vide a methjd :f detecting reticle ccti'in layers by 
p-r^ibing the pins cf tne packaged integratea circuit. 

An-:-ther yet furtner object t-f the present invention is 
to detect reticle cpt.i::'n layers p'rohina the pins i-f the 
P'ackageo circuit where a select iin and ampa 1 f icat ion 
circuit facilitates ac<::ess tC' the MCS transistiirs frc^m the 
package pins . 



An tj t h e r s ^ i 1 1 f u r t h e i 



etic^e opt: 
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ne C'tese: 
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the packaged circuit where a selectirr. and ampl i f ica 1 1 en 
circuit facilitates access t :> the MOS transistors from the 
package pins where eitner ljMjS cr PM-jS ti:5irisis: ors are 
sensed . 




In acsjrdanire with the :'bje::ts cf this invention, a 
new methci C'f detecting a threshold volta-ge implantation 
reticle option layer in an onteqr^atei circuit device has 
ceen a oh: eve i. Tl'iO:* current tnro'Ugn a first MOS trans istoir 
in an integrated circuit de\^ice is measured hy foroing a 
rest voiltage on one drain and tne gate. The gate an<d the 
drai.n of tne firsr MOS trans LstO'r are conno-cteoi togetner 
wnile ohe source o:'f the fir'st Mt)S transistO'r is connected 
t: a referenoe voltage. Tne first MOS tro.nsisoc:r nas the 
standard threshojid vidtage implan ta t io^n jC'Ut net tne 
thre3ho:Io vo-Ita-ge imcdantaoion r^eticle -optio-n layeru The 
cojrrent thr-ouigh a seccrid MC'S transistor in the integrated 
cirouit oeo^ice is measured ;oy fo'tcing tne same test violtage 
c:n :ne dram ano the gate. The gate ana the drain o;f tne 
second MO^S trans istosr are cc-nnected to^^gether while the 
source of the second MOS transistior is connected t<o the 
same reference violtage. The seco-no MOS transistor nas oozh 



VISA-99-()48 

current throu;;Th the first MC)S transistor and the eurrent 
through the second MOS transistor are :::'mpared detect 
z.hi.'i r^resence :;>f tne tnresholo v:ltage iripiantat i-on reticle 
jpricn l.-iver in tne integrated circuit :ievize, Tne meth-jd 
may te used f-:^r either N!^I03 C'r rM;I)S trans is t jrs . 

Als;-' in -bccordance wi~h the oic'jects of ihis inventi-in, 
^ new :ne:.r.':)d jf detectin;:^ a thresncl-:! v:ltage imp lanoat i : n 
reriole :c)ti:):'[ layer in an integrate-a ci.rcuit device has 
been achieve:!. A first MMC-S transistor in an integrated 
circuit ■:;evice is selected in a first test mode s-i that the 
vc'.;tage at tne drain and the gate cf tne first NMOS 
t r iins-ist'ir m-c/ be measured at an output pin of the 
rntegrat'^-o cir'cuit device. The gate ana the drain jf the 
fiist :JM-jc tr^iiuscstor ar-:-;. ocnnected together. Tne first 
IJMIS transos:or has t;he standard threshold voltage 
omir: 1 anta*: icn ivut nc^t the threshold voltage implantaoion 
reoiole jptiooi layer. The vcltaqe at the outp-ut pan in the 
first test mo'de os measured when an internal standard 
\v:ttage is connected to ^^he dram and tne gate through an 
onternal s1.:anc:ard resisoance while the source of tne first 
i::AOS transistor os cc:nnected to grouna. A second NMOS 
transistor in the int egrdted circuit deo^ice is selected in 
a second oeso mc:de so tnat the voltaae at the drain and the 

6 
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^ate of the second MM'jS transist:'r may be measured at tne 
output pin ot tne integrated cirruit d.evioe. The ^ate and 
tne drain ?f the se^::ond transistor are oi^nneoted 

together, tne se::Dn-d *\'MOS transistor nas ootn the standard 
t:r.resnoid v:jitage implantation an-d the tnresnild vi'Itage 
impiantat i^-jn reticle ::pti:)n layer. The vo'ita^e at. the 
O'Utput pin in thoi sec-:nd test m.ode is measureo wnen the 
internal standard V'jltage is c:)nnested t^o the drain and tne 
^ate thrDu;:h tne internal standard resistance while the 
sc'urce of the NKC'S transistor is c^-^nnected tj grc^und. Tne 
v;:'ltage at the c:utput c-in in the first test mode is 
compared with the vc^ltage at tne -output pin in tne second 
test mode to ieteot the presence o^f tne thresnola voltage 
implanta t i-.:ui reticle i-ttion layer i.n the integrated circuit 
device . 




Also in accordance with the ot'jects of this invention, 
a new methC'd of (detecting a thresnt-ld vo-itage imp 1 ant at ic-n 
reticle option layer in an integrated circuit device has 
been achieved. J\ first rMOS transistor in an integrated 
circuit device is select:ed in a first test miode sc that the 
voltage a.t tne dram and the gate cf the first PMC'S 
transistor may ce measured at an output pin of the 
integratea circuit aevice. Tne gate and the drain of the 
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first PMIS transistor are C3nne::ted togethei:^. The first 
PMI'S transistii^r has the standarii thresh jld vc'ltage 
iriclantari::n ic^ut not tne tnresh:)l:i voltage ixf)lant a t i on 
retiole :ption layer. Tne voltage at tne :output pin in the 
first test mooe is rr.easured when an internal standard 
V'Oltage is cc-nneotei to r he source v;nile the orain and the 
gate are connected tO) or:und throuoh an internal standard 
resistance. A secc-ni PIAOS trans is t-or in the integi^aiied 
oircait dc/ice is sele^oted in a seC'Ond test mi^de so tnat 
tne volt ace at the iram and the -gate of the second PMOS 
transist:r may be measured at tne output pdn c f tne 
i rite gratc-a circuit device. The gate and the drain of the 
seoorid P'ACS transist:i' are oonneoted tcgether. The second 
r'MCcS tra:;sLstor has C'(Ot:h the standard threshold v-oLtage 
itip 1 antao ion and th^^ threshold v-oltage impdanta 1 1 : n reticle 
'Ot'tion layer. The vc'ltage az the output p-in in the sec'ond 
test m:)de is measured when tne internal standard v^oltage is 
co-nnecteo to tne source while the drain and the gate are 
C'^ nnect:.e'.:: to gr<ouno through the internal standard 
resist an-oe. l^ne voltage at the output pin in the first 
test m^ooe is (Oomparod v;ith tne ventage at tho: output oin in 
tho sec(ond test mode to oetect tne c^resence c^f the 
t hr£^sh!::'ld voltage implantation reticle caption layer in the 
mtearated circuit device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accomp'anying drawings f'jrming a iriaterial part 
of this des ::ript ion, there is sh'jwn: 

Fig. I illustrates a top v.i..ew C'f a ph jt cO i t hographic 
reticle for an integrated circuit device. 

Figs. 2 and 3 schematically illustrate in 
cr-jss-secc icinal represenoa t ion tne formati-jn of a pair of 
MM'JS trans is ti-rs as used in the present invention. 

Figs. 4 and b schematically illustrate a first 
preferred embcdimcont C'f the present invention. 

Fig. 6 graphically illustrates the parametric 
C'er f orm.ance O'f the f^-rst: preferred emLbodimient of the 
P'resent invent ion . 

the first preferred 
^sed as the sensina 



Fig. schematically illustrates 
embodiment where ?M0o transistors are 
structures . 
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Figs. 8 and 9 s ::hemat ically illustrate a second 
fireferred embodiTient of the present invention. 

Fig. IC' graphically illustrates the parametric 
P'er f jrmance of the second preferred embodiment of tne 
present inven t ic^n . 

Fig. 11 schematically illustrates a third preferred 
embodiment C'f the present invention. 




DESCRIPTION OF THE PREFERF.ED EMBODIMENTS 

The embodiments disclose the ap-plication of the 
present invention tc> the detectiC'n C'f a reticle 0)C'tio)n 
layer in; an integrated circuit device. It should be clear 
to thc^se expe riencet:: on the art that the preseni: inventio 
can be applied and extended withcut deviating from the 
scope of the present invention. 

F.eferring nc;w particularly to Fig. 1, tnere is shown 
toe view of a one t c 1 i t hour acnic reticle IC for an 
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inte::frated circuit device. Ph : t clit h'jgrap'hy is an integral 



nanu f s ::t u rin :f . Phocol iz 



n r> =1 * 



to paccern a light 



^ensi.cive iT;aterial, such as pr: jt: :)res i sc , in process steps 
that define tne rr.any J.ayers, features, and devices on the 



1 n te :f r a tea circuit 



Mjre speci f ica... Ly , a c*hc-i iresist layer is ar.'plied 
ever Lying tne surface of tne integrated ci2~cuit. The 
r-hi't iresis t layer is tlien excised ti. i-itinic light thrcugh 
a rr.ask or reticle Id. After lignt expisure, the 
ph I't ires._st is de'/e.:. jp'O :i ti leave a cic^y of tne f-attern, or 
its negative image, jn tne surface if the integratC'd 
circii.t. The nase exp^i sure stet' is pe.r-f : rmed in a 
1 ith graphic expi-sure machine, comriinly sailed an iptiial 
p r .1 n t e r . 

A particular fi-rrt i^ f c^pciral P'rinter that is conunonly 
used in the art is tailed the optical stepper. In an 



:ptica,. stepper, the use ct the reti 



a ^ ^ \ 



v; ^ V 



seve ra - 



rooies c-f an inteorc^ted circuit laver tC' be exc';:)se(d cntc 



tne t:)no t ;i r e s 1 . 



:ne example retici^i;: 



inoiviQua^ Gie are exoosec 



the wafer at one time. 



. c ... ^ ^ ^ 



oossic^e 
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f'Orm iifferent designs on eash of the ten 1 j rat ions . For 
example, the first die Location 14 and the second die 
location 18 oould be liifferent designs or p^rodocts. Yet 
ar.other proouot could oe inolcded at s one zzher looation 22 
In the retlolo- array. 

M : re im:>:rtant for the t^resent Invent i^on, eaoh die 
looations coul-:l Ino^uoe sli^^nt variatio-ns in tne oirouit 
design of an integrated circuit. Sucn variations could 
represent, but are r.0)0 limited to*, pri-oess variatic>ns 
intent i : nal ly incluoeo on oircuits durir.g tno; P'roduct 
■oe'/e loir-ment st-age. F-z-r example, the wi :ith features o>f the 
p-o 1 y's i 1 i c on layer ooul:l h^e '/aried sligo.tly h-etween the 
first ■.:catit'n li ana the seconid iC'Cation It. If the 
P'rioauct under oieve lo-pment vere a MOS device, this variatic^n 
^n p'O'lysi 1 i ot-n width wo^ulol hi^eiy nave a significant impact 
^on the per f 0 rmanioe :f the O'Omp'leted (oircuits. Using the 
reticlo' array 12 in this way O'ffers imLpV'rtant adooantages in 
the proouot deo'0-lo;pn.ent pu-o^cess. First, exp^er iment a 1 data 
variation can t^e acnieo^ed g-aickly. Second, since the 
'/ariati(.:n is between die on tne sam.e integrated circuit 
wafer, wafer-to-wafer or lot-to-lot variations are 
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Spe::ific to tne first and second preferred errib o diment s 
Z'f the present invention, tne ability to pattern eaoh die 
Z'f the retirle lirfferentiy for a ^jiven Ia\'er is 
a dvan t a oec'us i y used. These layer \^aria t ic'ns , so useful for 
pro'duct development, are herein used to oreate a r.etnod 
wnereiC'y the presence of a particular layer or layer 
variation can oe detected by an electrical t^arametric test. 

?,eferrinj now t Fig. 1, a or oss-se ot i : nal 
representa t ic'n o^f a partially corned. eted integrated circuit 
de'/ice ■:. f tne first and second creferred embO'diments is 
sn'wn. A semi, so du ot -or substrate :0 is prDvi<aed. Isolatic^n 
re;;ions 34 ar^;^ f ■: rmed in tho; semico»nduc t jr sutstrate 3'] to 
se^iarare aoti'/e device areas. A sacrifiocal or p^ad oxide 
layer 3? is f(->rmed O'veriyina tne semi, conduct o r substrate 



ors 



ana ^: o aro' t'Ormea on tne 



sen icon aucto>r sucstrate 3G. The methooi (Of the present 
in\'ention uses the MOS transistors 42 and 4 6 in the layer 
de^-ectior: mc-th(^d. Each transistor is p^referabiy formed with 



:no same ^a' 



or lent at lo^n , witn tne same size, ana m 



se oroximitv to tne otner transistor 



o-ai am.et r i 



iOce 



c • c; 
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be iientical. However, sinze a layer of the fabri::aricn 
pro::ess is patterne:! sueh that a process :>r size differense 
is intrc:duced between the. transistors 42 sni 46, tnen a 
p^arametrio perf-ormance idifference w-jul^i exist between rne 
transistors. This parametri:: difference ws^uld tner: be 
ietectarde usin^ an electrical test wnere surrent and 
v-oltage measureTients are made on each device 42 and 46. Tws 
disririct c jndi t i ':;'ns wsuid tnen exist. In tne first v^ase, 
if one transistirs 42 and 46 generate i-dentical z-r near 
ioentioal parametri;: measurement, then it can be c.oncluded 
that the sp^ecifi::^ layer, that is herein called tne reticle 
jptlDn layer, was n'.:t ased on tnis in"e graced cirruit. In 
the second case, if the trans LstC'rs 42 an(d 46 generate 
different p^arametric meas airemen t s , chen ic san be cc-ncluded 
that the retisle optisn layer was used ^^n tnis integrated 
circait . 

Referring again to Fig. 2, the first and second 
preferre:^ embodimLents of z:ie p^resent ..nvent i'.)ri illustrate 
the case where tne reticle c;pricin layer is an extra implant 
layer that reduces tne threshcld voltage ;V-) of MIS 
transistcrs that have the additional layer. This reticle 
opcion layer is called the threshold \Mloage implantation 
recicle option layer. Tnis reticle cpoiO'n layer is aefinea 
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SO that Dne chip ^^ersic^n dt. the reticle 10 of Fig. 1 has 
the standard while an^jther chip versicn cn the reticle 10 
has the Ljw . Py comparing the standard and law vt_ 
versic'ns, it is pc.)ssible t-i quickly test and impro\^e the 
chip desii^n. 

The ri'artially cirupleted integrated cir::uit if Fig. 2 
theref-jre rer)resent s tne h:'W Vt case where the aciditimal 
imp'lant layer is used in tne process I'f the die. A 
phi'ti'res ist layer 50 is first depi'Sited i^verlying the 
sairificisl ixide layer 33. The c^hoti resist layer 50 is 
tnen o-^tterned usm:; tne thresh :1a voltage in^.plan t at ic>n 
reticle -ir-t i m layer. After the p-h jtc resist layer :C is 
de ve li'P'Cii, iite trans is tir 4 5 is exp-ised while the cither 
trans isti^r 41 is co\^erea. Ions are irr.pl anted 54 into the 
semi cci";duct 1 r- sut'Strate 30 where the patterned plnotctresis t 
layer 0 exp-ises the sur'Strate. A cnannel layer 50^ is 
tnereby fo^rmed tct reduce the if cne MC:S transistor 46. 
Tnis transistCir is called the Ituv tt transist:=r 46. The 
standarti Vt transistor 42 is not implanted and therefc're 
does nit exhibit a ^'elatively reduced V- , 
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■.hreshi'ld voltaje layer may be patterned sj that all NMCS 
■.rar.sis.tors in the circuit design receive the implant ana 



. herefi^re exhicit a lowere' 



Alternatively, the reticle 



■iptim tnreshcli voltage layer iT.ay be patterned s j that 
'inly s:me :f tne h'MlS t rans 1 irs in the circ-...it exhibit a 



1 e w e ] 



Note a_.s: that r::r-:e C'f the UF^OS transistc-rs on 



the staniara Vt chiC' version, receive th.is impdant iieiacse 
tne reticle option ihreshiL:! W'ltage layer is nit present 
at this iet:^cle locate m. Tn t:\^s process scheme, the 
standard V- UKjE transistvrs have a tnreshilo vcdtage :f 
tetween abiiit 0." V:lts and 0.;^ Volts. Li^ V, NMC'S 
t r ansist'-;)rs hnve a thresni^i \^::ltaqe ;:.)t o^etween a;o:)Ut 0.5 
Vi-lts ami i; .7 Vilts . 



Rererrini new to Fii 
the sairificiil cxiie ..ay^ 
ccnveni 1 mal pr icess, the 
then C'lmoaetei;. M; r oiat;: 



1, the phir.iresist layer 5u and 
'1 13 are rerMveo. Usin::r a 
MIS transisti2-s 42 ana -In are 
^I'l, a gate ':xide layer- ol is 



ar(-)wn c verl\^in i t he semiiiiniin i ti' r sue s i rat e . 



\'s 1 .i. 1 c :'n 



_a-/er 



xide ..aver 



■ 1 



o ^ ^. J., i. 



patterned tc: c impd 



is dopes 1 ted 

layer o6 ami :.ne gate ixide layer are 
:he gates ot tne KCj:l trans is: c^r pa: 
len ::mr:-lanted into the semicondict^ 



^iv. s are 



oj u r 1 e ana a r a i n 
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Referring now t d Fig. 4, a IIMOS transist r^r pair 42 and 
4 6 is shown in schem?itir fDrm. liDte thiat the s^L^rce 
'jjnctirns of eacn lie'/ice are connected t j the ground 
reference of the integrated circuit, typically called \'SS. 
Tne gare and orain juncti-z-ns are ci^nnected tc-jether so that 
the MMl'3 transistors are configuj'ed as M(j3 ditdes. The 
gate and :irain junct^jns t'f tne standard device 42 are 
::jrinected t-jgether t^'^ f trm the node labeled vt 74. The 
gate and drain j uncti t-ns cf the l^tw V- oevice 4 6 are 
■:::nnected t'jgether t^: f : rm the nt'de lah^eled nlvt 76. 



Referrinj ntw t: Fig. 5, several tmptrtatt features of 
tne meth'jd cf the first preferred embodi.ment :-f tne present 
inn/ent^tn a.re illustrated. In the first C'referred 
enljodinent, tne neth': i cf the present inventO':n allows the 
thr-esh:)ld vcltage tnr lant a t iijn reticle -jpti-tn layer tc> t-e 
detestea usin^j ar: eleotrrsal parametr.rc test I~y airectly 
pr:jt'ing the inte:irated (aircuit di.e. The ir^ethra :f 

's as roll;":ws. First, the t't node "4 if the 



sr.andari In :JM1S transistor 42 is prooeii. A 



^ r IS usea 



; r c e a 



:aae acr;.^ss 



p jwer supply V 



/ ^ a It G 



tne gro^nci rererttnce. ...ne current r^_ow.^nc 
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r.:de 7^ :.f the Ijvj NMC'S transistor 4^5 is przbed. A power 
s,.oiC'iy V: 116 is use(i to force a CC voltage arro-ss the nlvt 
r:'de 7 6 and tne 'ijr-juriCi refei^ence. The current flo-wing 
tnriuch the 1 jw 77 NMCS transistor 46 is measurec. Finally, 
the current meas :.remen t s for ear,h transistor 42 and 46 are 
0 :mO'ared. 




The delta between the ourrent measurements, or t'etween 
ilculated vjlta::e tnresnolds oiused upon t,ne ourrent 
rasurement s , O'f ea-or. trans i.stou^ is imo-ortant. The exact 
rlta tnat w^:>ulu tjnsti.tute a definitive conolusion o-f the 
-St is O'use'd o^n a statist! ::al analysis c>f one prit'CS in 
iO^ particular' CMC'i' riro'oess witn and wdthjo-.:t the o-articular 
t iO'O.al t h res no 1 d i n^O' 1 ant a t io)n . 



F'.eferiinu no-w Ol- Tig. 6, the p^aramet r i ir po^r f o rmance O'f 
the lO'W 77; NMOS transistor 4 6 and the standard 77 MM'T'S 
t .r ans i.s to r 42 are ro mO'Urefd . Tne grapln 1 ^ sr.cws- tne 
ro-sults O'f a simudated 27 volta<:Te sweet p^erfcu'TLod on each 
device. The MIS uiouie current versus tne p'ower supply 
Vfjltage is pdo-tted. As expectefd, the l<:w 77. NMo-'S transistor 



^ u ^ I y e 



ulstrates a niqner aosc^^ute \oa±u.e 



uXO)o transistor -to ^nirve 



e resuxtma ca^c\:^a' 



:cr eacn transistor verities 
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that Cine device has a significantly different V- . This 
differen::e cc'nfirms that the prc^bed integrated circuit die 
was the versic^n that received tne thresn<jli vC'ltage 
implantation reticle op^t.Lon layer. Hc'wever, if the low V- 
NMOS transistor 4 6 curve 15:3 ano the standard V. IIMC'S 
transistor 4 6 curve 154 were clC'Sely correlated^ the 
ccnclusi'jn would be that eacn device had the same 
tnresholi.-i . In this case, tne probed integrated circuit die 
would be a standard threshold implant version. 




Referring now to Fig. 7, the first preferred 
emibodiment of the present invention is applied using PMOS 
transistors rather than NMOS transistors. IJcte that the 
source junctions of each PMOS transistiir 8:'! and 91 are 
connected to t:he standard v.:;.ltage supply 84 and 90 of the 
integrated circuit, tyfdcally called VjD. The gate and 
drain junctions are connected together so that the PMOS 
transistors are configured as M1»S diodes. The gate and 
drain ]uncti-:o.s if the standard deviiie 32 are connected 
together ti fr-rm the nide labeled vt 86. The gate and 
drain juncticns c-f the 1 iw \v devise 92 are connected 
together tc^ f : rm the node labeled nlvt 94. 
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First, the vt node 3 6 of the standard PMC'S 
transisti'r [-2 is proc'ei. A power supply V; 88 is used to 
force a IC \'olta5e aoross tne vt node 86 and the ground 
reference. The our rent flowing through tne standard PMijS 
transisto^r 1 is measured. Next, the nlvt node 94 cif the 
low PKijS trans istO'r 92 is prot'Od. A pO'wer surp:l\' V- 96 is 
used to for-oe a DC voltage aor^oss the nlvt no-de 94 and the 
gro'und reference. Tne current flo'wing througn tne low 
PMcjS transistor 92 is measured. Finally, the current 
measurements fo-r each transistc-r E2 and 92 are co-mpared. 

Referring n^ow to* Fig. 8, a second preferre^d embo-diment 
C'f the present invention is illustrated. In :.he seconi 
emtiOtdimeno , the methO'd o>f tne present invention facilitates 
tnreshold vodtage impdantat io^n reticle op'tioin layer 
■detection by p^roioong an external pin of a packaged 
integrated circuit device. The NKC'S transisto^r pair 42 and 
4 6 is faic'ricated as aescribeo; in the first preferred 
embodiment. The olrain and gate iunctio)ns cf the standard 
NMCS transistor 42 and the low V^- MMOS transistor 4c are 
cO'nnected tc-gether tC' fo^rm a pair cf MOS dio^des. Tne 
source junctions o-f each de'/ice 42 and 46 are connected to 
the referenioe grO'Und. 
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The drain and gate jjnrtims 3f the standard NMOS 
transistor 42 are again cinnected te a n^de tnat is herein 
cailed vt 7-1. In tne serind en-.;: jo i-ien t , n:wever, an 
internal velta-ge supply lib, 2-:':xjrioni'/ called VOL ^ is 
C'onnected to the vt nc'ie 74 thrcuan a resistor F- 1J6. The 



presence 



:ne voltage scpp^y 1 



■■^na 



crea* 



a current s:^jrce ■:-ir.:uit. The \':ltaae cn the vt 



nciie 74 wLLi again dep'On-i up du the thresncdd voltacre ■:;f the 
standard '/r- NI-IOS t,rar;s: 



<=-. t r. r 



The (uram and gate ;iunct^':ns the lo^w KMOS 
transist;jr 4 1. are again ccnr.'-sc^.ed t :; a rt:de that is herein 
called nl'/t 6 . An internal \^:ltage supp'ly 109, C'tmiritnly 
called VET', is ccinnected t :> the nlvt node '-'6 thrjugh a 
resist.tr F; Ii:. The presence ■: f tne v:itage suppdy 109 and 
tne rescstor rt 110 creates a crrent sturce circuit:. The 
voltage cn t:.he nlvt node ^ -z well again depend up-^n the 
threshold volta::fe of tne 1 \t NMC S transistor 4b. 



Tne \^a 1 m 



of tht3 resisti )i's R: 



0 are 
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supply for the integrated circuit device and has a value ef 
between about 2.0 Volts and 3.3 Volts. The method C)f the 
present invention v/ill work for a wide variety of v<iltages 
an:.i resistOir values. 

Referrxnq now to Flo. 9, several important features C'f 
the sec^r.d preferreo emt-oiiiment are illustrated. The 
meth-:)d o^f the se-oor.o preferred embodiment is tO) p' rood.de 
aroeos to the !^JMjS transist-or pEiir 42 and 4 6 at a single 
inteorated circuit pin so that the chip versio-n can be 
identified witn a pair cf simple parametri':: measurements. 
The off_cnip n-ode 6 0 is an outp-ut pm -of tne integrated 
oirruit. The I'ff Inip 2)river- ^OZD) ■:)lc)ck 1 JG is a typdoal 
anahig o:uop)Ut o:ir'.:uit that may include elec::t ros tat ic 
discnarge protection. The (olC block IOC' passes the voltage 
of node 12 3 tc- the output pin. The OCD blo-ck 100 translates 
one input le\^el 12 3 to an co^tput level 8 0 that is 
co^mpaoible witn the interface circuit in use. Fo-r example, 
the level cci.ld bo^ translated fo:^r ^oimpat ibility witn low 
vodoage t ransistor-t ransisto^r logic (LVTTL). The output 
drive must be stro^ng enough to drive all of the loading 
cap»acitance c^n the integrated circuit P'in. 
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Twc- separate paths are ronne::ted to the I'CC block iJO 
through rriultiplex (MUX; blo-z'ris 92 and 9'.:. Tz-gether, the 



11 uM D.i jtks 9 .l! a 0:1 'r^ b tuo; 



: w o s t a t e S' . i/v n e Oi 



mux sel 104 is asserted a:\:i nlvt_mux sel 1 3 is 
ie-asseroed, then MUX block .-^1 is in an active staoe and 
MJX bljZ< 96 OS ^_n a nogn imi:'e ian .?e soa^e. In ohis soate, 
toe standard XMdS transistor 41 is selected for 
neasuren-.ent . lonversely, wne:". vt mux_sel 104 is de- 
asserted and nlvo_nux_ sel 1 Jl is asserted, tn-rn MUX block 
91 is in an acti'/e state an:! MJ>: l:'l:)::k 91 is in a high 
^rnpedance state. In tnis stare, the lew NM9S transistc-r 
11 is selected fi-r measureir.err.: . The MU>: bloc;<s 92 and 96 
are stanidard designs i.or a CM". S proress and ideally have 
HLinimun 'ooltage ■■:fiset:, . The MUX oli:oks 92 and 96 are 
preferably ielent :. ::al . 



Amplifier 'AMP) blocks and 18 may be used to 
anolify the '/t ncde 74 and one nlvt node "6 signals if the 
s:.anal st.rengih is very v;eao. The current ioias, set by the 
si.ze of. the resisti^rs R; 106 and ? 110 and the- size of tne 



HM'OS pair 41 and 46 determines the signal strength. If 
used, th-r- AMP blocos 14 ana 83 are again standard designs 
for a C'M'IS o^rocess. 
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The novel detection meth-:>d begins with the select! dh 
the standard V^^ NMC'S transistor 42 by the assertion C'f 
the vt mux sel signal lC:-4 ar.d the de-assertim of tne 
nlvt mux^sel signal lOz , The vt_mux__sel signal. 114 and 
nl'/t mux sol signal 10^: are preferaoly contrill.ei cy an 
integrated test rnjje li-gis bl:-::k. They may alternatively 
lie O'lntri'lied onriugn an external, integrated ciriuit pin. 
l'n:.":e the vi_mux_si;i signal is asserteii, tne cdas village if 
the vt node 74 is ava-:lable a: the lutput ::)in ■itf_inip ': 0 
thri'ugh tne Mill ol.ock 91. line viLtage at jff_-ihip 3 0 is 
easily measured and re^iirdeo. Next, the vt_mux_sel signal 
104 is de-asserte-:i an-i tne nivt_mux_sol si-gnal lO- is 
asserte:i t cause the seleit. iin I'f XTil oliik 9'^. Tne i:w V* 
UMOS transist:r 4- is there;:>y seiecteii. Tne r-ias i^:lia-ge C'f 
the nlvt ni'de 7 6 is avaiiar-le at tne I'Utput pin off__chip 
80. Tne village at atf^onip 80 is again easily measured 
and reci'r ded . 

The r:rst ano second off cnip 07 vidiage readings are 
then compared. If tno first cand seoi^nd readings are nearly 
identical, tnen it may he concluded that ihis .integrated 
circuit package did n:t: receii^e the threshcdd Miltage 
imip lantat ion reticle i^ption layer. Therefore, this is the 
standard \t chip version. If me first reading is nioher 
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than the sezon:i reading by a substantial margin, then it 
may be cjn::luded that this integi^ated circuit package dia 
r e c e i v e t n e t h r e s n o L d v o- 1 ^ a g e i tc-.js' 1 a r. t a t i n r e t i c L e i';- c 1 1 Z' n 
layer. Tnis is tne low Vt sn:.p \'ersLcn. 

The delta oetv/een the Vjltage measurements of earn 
transi.sr:'r is important. The exact delta chat would 
constitute a definici\'e c Dn :: 1 us i^: r. -jf the test is oas-^d on 
a statistical analysis of die pr:oes in the particular;- CMOS 
prctcess witn ani wichiiut thne particular -jptional thresns-ld 
implantation . 

F.eferring nDw tj Tig. 11, the parametric per fc'rm.a nee 
Df the l-:w KyjZS transistor 46 and the standard \t: UMOS 
transisti'r 4 2 as usea in tne seccnd emibc)(iiment miethad are 
cimpared. The grat-n 162 sr.y^s the results f a simulated 
transient respcoise perfo.r:aed cri each device. The curv-j 170 
fjr tne nlvt n^j^de "6 c^f tn^: lew V- NMCS transistor 4 6 
demc'nst rates a Lo^w volta(ge .evel sf 0.:'b4 V<:'lt3. The vt 
n tde 74 f the stanoara NMOS transistor 46 demonstrates a 
IS'W voltage le-r^E;! of 1.12':' Vc Its as shown by curve 166. By 
cc^mparino these '/oltage reaoings using the novel m.ethO'd of 
the present i no/ e n t i o n , t h e o r e s e n c e o f the t n r e s h o 1 d 
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voltage implant at ic'Pi reticle option layer is easily 



s 0 e r n e a , 



r'eferring now to Fig. 11, several important features 
of the tnird tiref erred emb :lin.eno are illustrated. Aocess 
tc a ?Mj3 transistor pair 214 ani 223 at a single 
integra:.ed circuit p i ri is C'Toviole on a fasnic^n similar tj 
that of the seO'jnd embodiment. 



Tw: separate paths are oo:nneoted to the OCD blork IjO 
thro)uqh multiplex (Mt>:) bio r.ks ?2 and 9t. Again, the MtX 
h)l0'::ks ry2 and 96 fun(::*:i:)n in :ne of tw^:: states. When 
vt_mu>:^sel 1D4 is asso-rted ano nlvt mux_sei IIS is ae- 
assertee, then MUX b...':co ?2 is i.n an a':n:ive s-rate ana MU:< 
rl-i'Ok 96 is m a hogii impeo.an.'::e state. In this state, the 
standari.l V- E-'Ml'S transistor 2C-4 is selected feu- measurement. 
Conversely, when \V:_mux_sei 104 is de-assertea and 
nlvt_mux_sel 12^3 is c^sserted, then K'JX bl(:)CK 26 is in an 
active state and MUX hloco 92 is in a hogh imt'edance state. 
In this state, the Icov PMo s transist:r 220 is selectea 
for measurement. Amplifier (AMF) blocks 8 4 ana S8 m.ay be 
i;sed to amplify tne vr nooe 20? and the n2\^t node 224 
signais if the signa2 strtrngtn is very v;eak. The current 
boas, set by the size of the resistors R- 212 and R 223 and 
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the size :)f tne PMDS pair 204 and 220 -determines the signal 
St rengtn . 

The novel deiectiDn method oe^ins \vith rhe selection 
:. f the standai^d PMC'S transist(";r 2!j4 Ly the assertion of 
:.he vt mux sel sri^nal 104 ind the de-assert ic>n ot tne 
nlvt_mux__3e 1 signaL lOz, The vt_mux_sel signal. 104 and 
r.l vt_mux_sel sigrreLl 1(')0 are preferably contrC'lled by an 
integrated test rijle 1 jgi o b.^'Ock. They meiy alternatively 
i:;'e oontrc'Lled thr^jugh an external integrated circuit pm. 
O^nce the vt_mux_sel signal is asserted, the tdas voltage of 
:.he vt n:de 2''jS i.s ava^laole it the ::o.:tput pin cff_.::hip 80 
through tne Mtx bl^ik 92. The v:.lta::e at 3ff_chip 0 is 
':.-aslly measured 3ind recc.roed. Next, tne vt_mux_sel signal 
104 is de-asserted and the n]. vt_mux_se 1 signal 108 is 
asserted tC' cause the selectii-n I'f MIK o-lock 96. The low V 
rMCt-^ transistcr 22-1 is thereby selected. The bias vcdtaje 
C'f the nlv^t n-i^de 22 4 is a'/a liable at the c-utput p'in 
cff^chip 80. The vc'l::. age at cff_chip 3 J is again easily 
measureci and recc^rded. 

Tne first and se'::ci':d off_chip 81 v;jltage readings are 
tnen compared. If tne first and secc'nd readings are nearly 
1 a e n 1 1 a ^ , tnen it m.a y o e c c; n c ^ u a e a t n at t n i s i n t e cj r a t e d 

27 




VlSA-99-048 




circuit package did nz^z receive the thresh:ld v:ltage 
implantatijn reticle ipticn iayer. Therefc^re, this is the 
standard V-- chip versi jn. if the first reading is higher 
f.h = n the second reading by a s.;cstantial margin, tner. it 
may oe conciuded that this integrated circuit package did 
receive tne threshi>id voltage implantatijn reticle lotion 
liyer. Tnis is tne lev; Y^:: ■::nip version. 

The reticle cpticn ap'pr :■ 3'.:h of the present invention 
■:ijuld be expanded to inislude several types of i^eticle 
'iptijns. Any type jf reticle caption that w-iild affect the 
transistor thresnii':! (V-) and/c r tiie saturation -lurrent 
(I:;:) c:;uld be useu. rC'lysilicm gate variations could also 
be used t-:) create measurable differences in tI^ansistl'r 
p-erf : rmaU'Se , Fir.a^ly, the mire c-immcn metal connecti'jn 
l^yer r~etii:le j^-z.iow ciuld re i n so rp orated inti the method. 

Tne methO'd of ihe present inventi'in couiid be ap'p-lied 
t;j miri' ccmp 1 i ::atr.;d reiicie c^C'ticns where several option 
layers are used t;:;gr;:ther in rearming circuitry sc^ tnat the 
numioer of overall chip op:.i(jns can be exp-anded several 
times (j\^er. For example, po^^ysilicon gate wiciin and 
threshi:;la implant cc;ul:i be variea m comoination. In 
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addition, metal jptions :::'Uld be varied in rombina t ic-n with 
tne polysilic.:-n layer and/ or the thresnold implantation. 

As shown in tne preferred embc' d im.ent s , :.he present 
inventi jn C'r jvides an effeotive metn:>d for deteoting the 
presenoe a reticle opt hon layer in an integrated oirouit 
devi::e. Tne metnc-d uses a pair of ylOS transistors that 
wiil exnit)it o;iff-i:rent t:'ai an:iet ri s c-e r f :> r-man ?e if a retisle 
optii'n layer is present, -jne emk^C'diment all^jw^s deteotic'n of 
the retiole c-r'ti-:oi layer ;: y direot -die r^rcibing an-d 
measurement <: f eitrier y.lAOj: z^r E'MC'S :: rans ist ar s . The second 
an:i third emh-s^diment s all-aw aieteoti^an a^f tne retiale C'P'tiC'n 
layer by p-roh^ing a p-in of the p-ackaged integra-ted circuit. 

While the ina'^'nrian has been particularly shown and 
described with refa-rence aC' tne preferreo embcdimenos 
thereof, it will be understaO'd lay zhose skilled in the art 
that a^arious changes in fa^rn. and details may ic^e made 
without departing from the srdrit and sca^pe c-f the 
invent ia^n . 

What is claamed is: 




